Objective: To assess the variation in whole-body and segmental bioelectrical impedance measured in the standing position over the course of a day.
Introduction
The prevalence of obesity has become a public health problem throughout the world. As obesity refers not to excessive body weight but to the condition in which the individual has an excessive amount of body fat, the monitoring of body fat is important for health management. Many laboratory and field assessment techniques exist for estimating a person's body composition (Wagner and Heyward, 1999) . One reliable and easy method for the measurement of body fat is bioelectrical impedance analysis (BIA) (Lukaski et al., 1985; Wagner and Heyward, 1999) , which is a rapid, non-invasive and relatively inexpensive method for assessing a person's body composition in field situations. The classical BIA method involves measuring the impedance between the right foot and right hand in the supine position (Wagner and Heyward, 1999) . In this method, placement of the electrode on the dorsal surface of the hand and foot (Baumgartner et al., 1990) and the positioning of the leg and arm (Schell and Gross, 1987) affect the impedance measurement. Therefore, this method must be carried out by a specialized technician and is not suitable for home use.
Bioelectrical impedance analysis based on arm or leg impedance has been marketed for use by the general population to assess their own body composition, thus allowing anyone to easily measure their own percent body fat (%BF) without using a tester or special techniques. However, these devices measure only segmental impedance of the legs (Nunez et al., 1997; Xie et al., 1999) or arms (Gibson et al., 2000; Deurenberg et al., 2001) to calculate the whole-body %BF. Recently, a BIA analyzer available for measuring the %BF in an easy manner in a standing position based on whole-body impedance for the general population has been developed and its validity has been reported (Bedogni et al., 2002; Malavolti et al., 2003) .
The BIA method is based on measuring the resistance of the body to the flow of an alternating electric current. As the conductance of the human body is mainly determined by the amount of water, alterations of body water content caused by exercise (Deurenberg et al., 1988) , eating and drinking (Deurenberg et al., 1988; Gallagher et al., 1998; Slinde and Rossander-Hulthen, 2001; Slinde et al., 2003) influence the results of measurements made by this method. In addition, alterations in body water distribution such as those caused by leg swelling owing to continuous standing or sitting (Winkel, 1981; Seo et al., 1996) strongly influence segmental impedance measurements.
Although some studies have been carried out to evaluate impedance variation in the supine position (Schell and Gross, 1987; Deurenberg et al., 1988; Baumgartner et al., 1990; Gallagher et al., 1998) , within-day variability of impedance in the standing position has not been examined. The purpose of this study was to assess the variation in whole-body and segmental bioelectrical impedance measured in the standing position over the course of a day.
Methods

Subjects
Sixteen healthy men aged 29.673.1 years participated in this study, and their physical characteristics are shown in Table 1 . All subjects were working sedentary jobs in the same office. Before measurement, the purpose and procedure of the study were explained in detail and informed consent was obtained from each subject.
Anthropometric measurements
The body weight of each subject was measured while in their underwear to the nearest 0.1 kg using a digital floor scale. Body height, accurate to 0.1 cm, was also measured without shoes using a wall-mounted stadiometer. From these measurements, the body mass index was calculated as weight/ height 2 (kg/m 2 ).
Dual energy X-ray absorptiometry measurement Dual energy X-ray absorptiometry (DXA) measurements of fat mass (FM), fat-free mass and total body bone mineral content were performed using a Lunar DPX-LIQ (Lunar Co., Madison, WI, USA; software version 4.7E). The patients were scanned while in the supine position, and the total body scan took o15 min. %BF was calculated using the following equation: %BF ¼ FM/body weight Â 100%.
Bioelectrical impedance measurement
A BIA data acquisition system (Art Haven 9, Kyoto, Japan) was used to determine the impedance by applying a constant current of 500 mA at 50 kHz through the body (Miyatani et al., 2001) . The equipment used for measurement of the impedance included handgrip and footplate electrodes. Each electrode was connected to the main unit by cables, and the main unit was equipped with an electrode selecting device including switches to establish connections that could select any two of the electrodes. In addition, an impedance measuring device used to measure the impedance between the two pairs of electrodes based on the electrical potential across the respective second electrode in each of the pairs was also employed. We measured the impedance between the hands (Z H-H ), the feet (Z F-F ), and the hands and feet (Z H-F ) in the standing position after the readings had established. To measure Z H-F , the electric current and voltage electrodes of the left-right grip were short-circuited along with the electric current and voltage electrodes for the left and right feet.
During impedance measurement, each subject stood properly on the footplate electrodes, and his arms were used to softly grasp the two handgrip electrodes and were then held straight forward. Also, each subject maintained an upright posture with their muscles being as relaxed as possible.
Experimental procedure Each subject's body weight, Z H-H , Z F-F and Z H-F were measured every 3 h from 0900 to 1800, and each measurement was performed using the same device. Body height was measured only at 0900. The data measured at 0900 are shown as the baseline data in Table 1 . All measurements were performed when the subjects were in their underwear only and the room temperature and humidity were kept at the same level throughout the day. On the study day, breakfast was served before 0700 and lunch was served after the measurements at 1200. Fluid intake was allowed only at the same time as meals. The subjects performed their routine sedentary work while sitting on standard office-chairs. During work, they were allowed to leave to go to the lavatory.
Dual energy X-ray absorptiometry measurement was carried out within 1 week of the impedance measurements. 
Results
The variations in body weight and impedance are shown in Table 2 . Body weight was slightly, but significantly, changed at 1200 (Po0.05), 1500 (Po0.05) and 1800 (Po0.05) compared to their respective previous measurement values. The mean differences were À0.470.4 kg (1200), 70.470.3 kg (1500) and À0.270.2 kg (1800), respectively. The mean value of Z H-H was the highest and Z H-F was the lowest among the three induction methods for all measurement times.
Z H-H significantly increased (Po0.05) and Z F-F significantly decreased (Po0.05) over the course of the day. The mean changes in impedance from 0900 to 1800 were þ 27.2 O (Z H-H ) and À31.8 O (Z F-F ), respectively (Figure 1) . However, there were no changes in Z H-H at 1500 and in Z F-F at 1800 compared to their respective previous measurement values.
The Z H-F value slightly, but significantly, increased at 1500 ( þ 3.0 O) compared to the previous measurement value. There was no difference in Z H-F between 0900 and 1800.
Discussion
The whole-body impedance in this study was measured between both hands and feet by shorting the electric current and voltage electrodes of the feet and the handgrips. The current therefore flows through both arms, trunk and both legs. For previous whole-body approaches (Lukaski et al., 1985; Segal et al., 1988) , the path of the electric current is one arm, trunk and one leg. As a result, whole-body impedances measured by the current approach are lower than those reported previously for individuals of equivalent body habits and composition.
Although the variability of impedance in the supine position has been reported (Schell and Gross, 1987; Deurenberg et al., 1988; Baumgartner et al., 1990; Gallagher et al., 1998) , no study has been carried out on the variability of the impedance in the standing position. The Z H-F variation was the lowest among the three methods examined, and there was no difference in Z H-F between 0900 and 1800 in this study.
A possible reason for the small variability of Z H-F may be due to a change in body water distribution from the upper to the lower body during the day. Slinde et al. (2003) reported that the bioelectrical impedance and calculated body fat are significantly increased over 12 h when a subject is in the supine position all day long. The increase in impedance is probably owing to a shift in body fluids from the extremities to the thorax. In contrast to the supine position, body water shifts from the upper body to the lower body while standing during the day, as mentioned above. The whole-body impedance is primarily determined by the impedance of the distal parts of the limbs near the electrodes (Organ et al., 1994; Bracco et al., 1996) . Therefore, the whole-body impedance increases if the body water content in the upper and lower limbs of the subject decreases owing to a shift in body water to the trunk, as reported by Slinde et al. (2003) . However, the whole-body impedance variation is small if a shift in body water from the upper to the lower limbs occurs.
Z H-H significantly increased and Z F-F significantly decreased from 0900 to 1800, respectively. In addition, the Bioelectrical impedance and its within-day variability Y Oshima and T Shiga change in impedance for the arm tended to be lower than that for the leg. These results suggest that body water distribution was altered by gravity and that the effect of gravity on water in the arm was likely to be less compared to that in the leg. Prolonged standing or sitting causes leg swelling owing to changes in body water distribution (Winkel, 1981) . Also, lower leg impedance will decrease with swelling not only during straight standing but also when sitting without restricted leg movement (Seo et al., 1996) . Such changes may influence the calculation of %BF. Therefore, these factors must be taken into account when using the segmental BIA method to assess a person's body composition.
A meal also may influence impedance measurements at 0900 and 1500 because both measurements were carried out within 2-3 h of ingestion of a meal. Previous studies reported that the ingestion of a meal decreases impedance between hand and foot (Deurenberg et al., 1988; Gallagher et al., 1998; Slinde and Rossander-Hulthen, 2001; Slinde et al., 2003) . It is not clear whether the ingestion of a meal influences impedance data at 0900. However, it was thought that a significant decrease of Z H-F at 1500 was influenced by the meal, as there was no change in Z H-F at 1200 compared to that at 0900. The significant decrease in Z F-F at 1500 may result from both leg swelling and ingestion of a meal. In addition, both the effects of a meal (decrease in impedance) and the effects of fluid shift (increase in impedance) may result in no change in Z H-H at 1500. In contrast, both Z H-F and Z F-F at 1800 had not changed significantly from their respective previous values. From these results, it is suggested that measurement time and the influence of meals must be taken into account for impedance measurements in the standing position.
We conclude that, although changes in standing wholebody impedance during the day are small and probably inconsequential, arm and leg segmental impedance measurements change significantly. Therefore, it is necessary to measure the impedance at regularly scheduled times when evaluating whole-body %fat or body water content using the segmental BIA method.
